
Poster Print Size:
This poster template is 44” high by 
44” wide. It can be used to print any 
poster with a 1:1 aspect ratio.

Placeholders:
The various elements included in 
this poster are ones we often see in 
medical, research, and scientific 
posters. Feel free to edit, move,  
add, and delete items, or change the 
layout to suit your needs. Always 
check with your conference 
organizer for specific requirements.

Image Quality:
You can place digital photos or logo 
art in your poster file by selecting 
the Insert, Picture command, or by 
using standard copy & paste. For 
best results, all graphic elements 
should be at least 150-200 pixels 
per inch in their final printed size. 
For instance, a 1600 x 1200 pixel 
photo will usually look fine up to 
8“-10” wide on your printed poster.

To preview the print quality of 
images, select a magnification of 
100% when previewing your poster. 
This will give you a good idea of 
what it will look like in print. If you 
are laying out a large poster and 
using half-scale dimensions, be sure 
to preview your graphics at 200% to 
see them at their final printed size.

Please note that graphics from 
websites (such as the logo on your 
hospital's or university's home page) 
will only be 72dpi and not suitable 
for printing.

[This sidebar area does not print.]

Change Color Theme:
This template is designed to use the 
built-in color themes in the newer 
versions of PowerPoint.

To change the color theme, select 
the Design tab, then select the 
Colors drop-down list.

The default color theme for this 
template is “Office”, so you can 
always return to that after trying 
some of the alternatives.

Printing Your Poster:
Once your poster file is ready, visit 
www.genigraphics.com to order a 
high-quality, affordable poster print. 
Every order receives a free design 
review and we can deliver as fast as 
next business day within the US and 
Canada. 

Genigraphics® has been producing 
output from PowerPoint® longer 
than anyone in the industry; dating 
back to when we helped Microsoft® 
design the PowerPoint® software. 

US and Canada:  1-800-790-4001
Email: info@genigraphics.com

[This sidebar area does not print.]

Development of a Linac Vault Shielding Calculation Tool

Reddy H. Ma1; Ynuzhi Ma2, Sigen Wang, PhD3

1Cary Grove High school, Cary IL; 2Northwestern Medicine McHenry Hospital; 3Saint Alphonsus Cancer Institute, Boise ID

INTRODUCTION DISCUSSIONRESULTSABSTRACT

METHODS AND MATERIALS

CONCLUSIONS

REFERENCESCONTACT

This work presents the development 
of a standalone application that 
performs NCRP 151-based LINAC 
shielding calculations using 
two-dimensional (2D) vault structure 
modeling tool combined with a 
raytracing–based computational 
framework.

The application was developed to 
calculate shielding requirements for 
primary barriers, secondary barriers, 
ceilings, mazes, and doors. User 
inputs include vault dimensions, 
LINAC workload, beam energy, use 
and occupancy factors, and shielding 
materials such as concrete, steel, and 
lead. Vault geometry is represented 
with three 2D plots in the three 
cardinal planes. 

A ray-tracing algorithm propagates 
radiation paths from the source 
LINAC head to standard NCRP 
reference points as well as 
user-defined locations. Each ray is 
segmented by intersected shielding 
materials, and cumulative 
attenuation and resulting dose are 
computed along the path.

For standard vault configurations, calculated 
shielding thicknesses and dose estimates were 
consistent with conventional spreadsheet-based 
NCRP 151 calculations. The 2D ray-tracing 
framework enabled flexible evaluation of shielding 
performance at arbitrary locations within each 
cardinal plane and supported mixed material barriers 
and non-standard geometries that are difficult to 
evaluate using spreadsheet methods alone. The 
application was verified by comparison with our 
spreadsheet-based hand calculations. All key points 
are within 1% differences.

The novelty of this work is the integration of 
established NCRP Report No. 151 shielding 
methodology with a two-dimensional, 
ray-tracing–based computational framework 
within a standalone application. Unlike traditional 
spreadsheet-based approaches limited to fixed 
reference points, this tool enables 
geometry-aware evaluation of radiation 
attenuation at user-defined locations across the 
cardinal planes and supports mixed material 
barriers and non-standard vault geometries. This 
approach enhances flexibility, transparency, 
constancy, and spatial insight in LINAC shielding 
analysis while remaining fully consistent with 
current clinical shielding standards. 

A standalone software application was developed 
to calculate shielding requirements for primary 
barriers, secondary barriers, ceilings, mazes, and 
doors. User inputs include vault dimensions, 
LINAC workload, beam energy, use and 
occupancy factors, and shielding materials such 
as concrete, steel, and lead. Vault geometry is 
represented in 2D across the three cardinal 
planes. A ray-tracing algorithm propagates 
radiation paths from the source LINAC head to 
standard NCRP reference points as well as 
user-defined locations. Each ray is segmented by 
intersected shielding materials, and cumulative 
attenuation and resulting dose are computed 
along the path.

This standalone application enhances traditional 
NCRP-based LINAC shielding calculations by 
integrating 2D geometric modeling and ray 
tracing, enabling more flexible and spatially 
resolved analysis while maintaining consistency 
with established methodology. Extension to full 
three-dimensional vault modeling is currently 
under development.

Shielding design for medical linear accelerator 
(LINAC) vaults is commonly performed using 
spreadsheet-based implementations of NCRP 
Report No. 151. While effective, these 
approaches are limited by fixed calculation 
points and restricted geometric flexibility. This 
work presents the development of a standalone 
application that performs NCRP-based LINAC 
shielding calculations using two-dimensional 
(2D) vault modeling combined with a 
ray-tracing–based computational framework.
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